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A Paper  read  by 

Mr.  H.  P.  Folland,  M.B.E.,  F.R.Ae.S.,  etc., 
before  The  Institution,  on  31st  March,  1922. 

Lt.-Gol.  J.  T.  G.  Moore-Brabazon,  M.G.,  M.P.  (President), 

in  the  Ghair. 

In  introducing  Mr.  Folland  the  Chairman  said  : — 

It  is  with  much  pleasure  I call  upon  Mr.  Folland  to  read  his  paper  on 
“ Aeroplane  Design  ” to  you.  In  the  case  of  a wTitten  paper,  except  for  the 
pleasure  of  looking  at  the  reader,  there  is  not  a great  difference  between  hear- 
^ ing  it  and  reading  it,  but  the  former  does  afford  members  an  opportunity  of 
^ joining  in  the  discussion  afterwards.  You  all  know  Mr.  Folland  by  reputation; 
. ~ his  fame  is  well  established,  and  I am  sure  that  whatever  criticisms  arise  in 
■ the  discussion,  he  will  answer  them  so  that  we  feel  quite  small  at  hearing  our 

- criticisms  washed  aside.  I hope,  however,  that  many  of  you  will  take  the 

- opportunity  to  join  in'  the  discussion,  and  I now  have  pleasure  in  calling  upon 
Mr.  Folland. 


AEROPLANE  DESIGN. 


1 he  title  of  my  subject  to-night,  “ Aeroplane  Design,”  is  one  which  covers 
cmany  branches  of  Aeronautical  Engineering  and  Scientific  Research.  Each 
branch  could  be  subdivided  into  a large  number  of  different  subjects,  which 
would  provide  a paper  and  food  for  discussion  for  many  lectures.  In  mv  paper 
to-night  I shall  only  be  able  to  touch  briefly  on  the  man}'  subjects  of  General 
Design  and  Detail  Design  connected  with  sucli  a vast  and  progressive  new 
branch  of  engineering  and  science  ; this  I will  endeavour  to  do  in  a way  which 
will  appeal  to  the  aeronautical  engineer  and  the  draughtsman. 
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It  is  to  the  engineer  and  draughtsman  that  I wish  to  appeal,  for  when  the 
designer  has  laid  down  his  specification,  plans  and  schemes,  the  draughtsman 
and  engineer  greatly  contribute  to  the  producing  of  a sound  commercial 
proposition  in  the  detail  design  on  an  engineering  basis  which  will  go  towards 
making  the  aeroplane  a commercial  success  and  a foolproof  structure. 

I intend  in  this  paper  to  go  over  the  preliminary  design  of  an  aeroplane, 
and  to  give  rough  approximations  ; also  to  draw  attention  to  the  in*portance 
of  the  detail  design  and  points  which  go  towards  reliability,  efficiency  and  an 
engineering  structure.  Wing  sections  in  my  paper  are  assumed  to  be  known 
sections,  such  as  R.A.F.  6,  14  and  15.  For  high-lift  wings  and  slotted  wings 
the  following  approximations  do  not  apply,  these  being,  in  most  cases,  still  in 
the  experimental  stage. 


PRELIMINARY  SPECIFICATION. 


To  produce  an  aeroplane  as  efficient  as  we  can  for  a definite  purpose,  the 
designer  must  start  by  knowing  the  load  to  be  carried  and  the  cubic  capacity 
of  the  load,  the  maximum  distance  at  cruising  speed,  and  the  conditions  under 
which  the  machine  will  have  to  operate.  By  conditions  I mean  useful  load, 
such  as  military,  passenger,  goods,  postal,  etc.  ; also  climate,,  landing  grounds, 
and  altitude  at  which  the  machine  must  operate.  This  is  usually  coA^ered  by  a 
rough  general  specification  stating  requirements  and  giving  these  particulars. 

Having  this  the  designer  can  proceed  to  draft  out  a more  detailed 
specification. 

Using  known  wing  sections  such  as  R.A.F.  6,  14  or  15,  the  Air  Ministry 
requirements  for  load  factors,  the  problem  is  then  to  design  a safe,  reliable 
and  efficient  aeroplane.  It  will  be  wise  to  consider,  at  this  early  stage  of 
design,  the  altitude  at  which  the  machine  may  have  to  operate.  In  the  past 
machines  have  been  designed  to  suit  this  country  only;  also  the  R.A.F.  wing 
section  15  has  been  universally  adopted.  Often  machines  have  been  sold  to 
the  colonies  and  foreign  countries,  and  have  proved  to  be  unsuitable,  owing 
to  the  altitude  at  which  they  have  to  operate  being  in  some  cases  £^,000  feet 
to  8,000  feet  above  sea  level.  These  cases  could  have  been  covered  by  having 
different  standard  wings  for  different  altitudes ; these  could  all  be  the  same 
wing  area,  using  in  wing  fittings,  wires  and  struts,  but  the  section  itself  would 
be  designed  to  give  the  equivalent  landing  speeds  and  climb  for  the  altitude 
required. 

With  the  data  at  our  disposal  and  the  requirements  being  known,  it  is 
necessary  to  select  a suitable  engine,  this  being  selected  according  to  perform- 
ance and  requirements  of  the  specification,  always  bearing  in  mind,  first, 
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reliability  and  efficiency ; second,  low  weight  per  horse-power,  and  in  the  case 
of  a commercial  machine  low  running  cost  per  horse-power.  In  many  cases 
the  engine  is  specified,  especially  in  the  case  of  Air  Ministry  designs. 

The  first  step  towjirds  making  the  detail  specification  is  to  make  a rough 
estimate  of  the  total  weight  of  the  machine.  I'his  can  be  taken  on  the  following 
chart  of  percentage  of  total  weights.  This  chart  gives  a fair  approximation 
over  a number  of  machines.  (See  Slide  No.  i.) 

It  will  be  noted  that  about  65  per  cent,  of  the  total  weight  is  known — the 
weight  of  engine,  useful  load,  fuel,  oil  and  radiator — and  therefore  only  leaves 
us  with  about  35  per  cent,  load  unknown.  'Fhis  simplifies  the  total  permissible 
error.  Having  obtained  the  approximate  total  weight  loaded,  and  assuming 
we  use  a standard  wing  section  with  a known  lift  coefficient,  we  can  fix  our 
load  per  square  foot  according  to  the  requirements  and  type  of  machine  to  be 
designed.  The  total  area  of  the  wings,  including  ailerons,  can  now  be  fixed, 
also  span,  chord,  gap,  incidence,  stagger,  and  dihedral. 

Span  and  Chord  will  depend  on  the  required  aspect  ratio,  and  are  sometimes 
controlled  by  the  most  economical  spacing  of  the  wing  struts  and  spars.  The 
average  aspect  ratio  being  5.5  to  7.5  to  i for  the  best  all-round  efficiency,  it  is 
not  wise  to  go  below  5.5  to  i. 

Angle  of  Incidence  will  depend  on  the  altitude  at  which  the  best  perform- 
ance is  required.  For  a fighting  machine  incidence  can  be  taken  between  i|-° 
to  3°,  and  for  a commercial  machine  3°  to  5°. 

The  Dihedral  will  depend  on  the  degree  of  lateral  stability  required.  This 
can  be  taken  between  3°  and  5°. 

Stagger. — For  a biplane  stagger  will  greatly  depend  on  the  requirement 
of  the  machine,  visibility,  efficiency,  etc.  Stagger  is  also  useful  as  a means 
of  correcting  the  relation  of  the  elusive  centre  of  gravity  to  centre  of  pressure. 
For  structural  reasons  it  is  not  wise  to  stagger  more  than  25°  in  either  direction. 

Gap. — For  efficiency  of  a biplane  the  gap  chord  ratio  should  not  be  less 
than  .85  to  .95  of  chord.  This  is  a good  figure  to  work  to.  Wind  tunnel  tests 
show  that  a gap  chord  ratio  of  1.2  to  i is  more  efficient,  but  taken  in  actual 
practice,  it  is  very  doubtful  whether  the  extra  head  resistance,  due  to  longer 
struts  and  wires,  also  the  extra  weight,  warrant  one  taking  the  advantage  of 
the  extra  efficiency. 

Ailerons. — Total  area  of  ailerons  can  be  taken  as: — For  a fighting 
machine,  where  quick  manoeuvrability  is  required,  13.3  per  cent,  of  total  wing 
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area,  and  for  a load  carrying-  military  or  commercial  machine,  where  quick 
manoeuvrability  is  not  required  13  per  cent,  can  be  taken  of  total  wing  area.  For 
good  control  the  chord  of  aileron  should  be  .25  mean  chord  of  wing. 


TAIL  PLANE,  COMPLETE  WITH  ELEVATORS. 

Total  area  of  tail  plane  and  elevators  can  be  taken  as  : — ■ 

Scout-  10.75  ^ 2-Seater  Fighter  12.25  ^ ^ Commercial  13.5  x A 

100  . 100  IOC) 

The  distance  of  tail  plane  leading  edge  from  centre  of  gravity  of  aeroplane 
can  be  taken  as  : — 

Scout  2.2  X Mean  Chord.  2-Seater  2.7  x Mean  Chord. 

Commercial  2.9  x Mean  Chord. 

The  percentage  of  tail  to  elevator  gives  good  controlability  at  65  per  cent, 
tail  and  35  per  cent,  elevators  for  Scout ; for  Commercial  Machine  60  per  cent, 
tail  and  40  per  cent,  elevators.  Aspect  ratio  of  elevators  to  give  good  fore  and 
aft  control  can  be  taken  as  3.3  to  i. 


RUDDER  AND  FINS. 

Total  area  of  rudder  and  fins. 

Distance  of  leading  edge  of  rudder  from  centre  of  gravity  of  machine  will 
in  most  cases  be  controlled  by  the  position  of  the  tail  plane. 

Total  area  of  rudder  and  fins  4 x A. 

100 

51  per  cent,  movable,  49  per  cent,  fixed. 

Aspect  ratio  of  rudder  to  give  good  control  should  be  2.6  to  i.  A in  each 
case  being  total  area  of  wings. 


PRELIMINARY  DESIGN. 

Having  obtained  total  weight,  wing  area,  and  controlling  surface  areas,  we 
can  now  proceed  to  lay  out  a preliminary  design  to  meet  the  required  specification. 

It  is  necessary  in  the  preliminary  design  stage  to  bear  in  mind  the  important 
points  which  go  to  make  the  best  all-round  machine  from  a service  or  commercial 
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point  of  view.  Wherever  possible  the  following  points  should  be  borne  in  mind 
as  most  desirable  : — 

(1)  Simple  but  adequate  petrol  system;  wherever  possible  a gravity 

system  should  be  used. 

(2)  Accessibilitv  to  engine,  especially  filters ; also  easy  replacement  of 

engine. 

(3)  Accessibility  to  flying  and  engine  controls. 

(4)  Deletion  of  conirol  pulleys  and  cables  in  favour  of  bell  cranks  and 

rods. 

(5)  Fireproof  bulkheads. 

(6)  Adequate  bearing  surfaces  for  moA'ing  parts,  and  adequate  means  of 

lubricating  same. 

(7)  Visibility  in  all  directions,  especially  forward  and  down. 

(8)  Quick-detachable  small  units,  to  facilitate  easy  replacement. 

(9)  Comfort  of  pilot  and  passengers.  (Ventilation,  seating,  Auew,  etc.). 

(10)  Initial  cost. 

It  is  at  this  early  stage  in  design  that  these  Items  can  and  should  be 
considered,  and  bearing  this  in  mind  we  can  proceed  to  draw  out  the  arrange- 
ment of  the  machine.  The  best  method  to  adopt  is  to  draw  the  fuselage  with 
engine,  tanks,  pilot,  armament,  or,  in  the  case  of  a commercial  machine,  the 
passengers’  cabin,  controls,  etc.,  in  fact,  eveiw'thing  for  the  complete  fuselage 
and  cabin. 


Having  this,  we  can  then  find  the  weights  of  the  structural  parts,  etc., 
from  the  table  of  percentage  of  weights,  allocate  the  weights;  over  the  fuselage 
approximately  where  the  centre  of  gravity  of  the  masses  comes,  then  find  the 
centre  of  gravity  of  the  fuselage  complete.  Having  found  this  we  can  make 
a sketch  of  the  wings  with  the  centre  of  pressure  marked  on  the  mean  chord 
line.  The  centre  of  pressure  in  relation  to  the  centre  of  gravity  of  the  machine 
can  be  taken  as  .3  of  the  mean  chord.  This  sketch  can  be  placed  over  the 
fuselage  with  the  centre  of  pressure  on  the  centie  of  gravity  and  traced  on  to 
fuselage.  {See  Slide  No.  2.) 

The  next  step  is  to  add  the  undercarriage.  This  can  be  done  by  striking 
a line  through  the  centre  of  gravity  of  the  machine  ib"’  to  the  centre  line  of  the 
fuselage.  The  wheel  can  then  be  put  in,  iriaking  allowance  for  adequate  taxi-ing 
angle  and  propeller  clearance.  16°  for  position  of  the  landing  wheels  to  the 
centre  of  gravity  is  a safe  figure  to  take.  The  taxi-ing  angle  of  machine,  with 
skid  on  the  ground,  should  not  be  less  than  14°  to  ensure  quick  pulling  up  of 
the  machine  after  touching  the  ground. 
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With  the  exception  of  the  added  weight  of  the  wings  and  undercarriage, 
we  have  a fairly  accurate  centre  of  gravity.  By  this  method  a lot  of  lime  will 
be  saved  over  drawing  the  complete  aeroplane,  and  then  moving  the  weights  or 
components  about  until  the  centre  of  gravity  comes  correct  in  relation  to  the 
centre  of  pressure  of  the  wings. 

Providing  the  wings  come  in  a position  for  good  visibility,  etc.,  and  the 
general  layout  is  to  the  satisfaction  of  the  designer,  the  design  can  be  adjusted 
and  the  centre  of  gravity  re-taken,  horizontally  and  vertically,  at  the  same  time 
correcting  for  the  additional  weights  of  wings  and  undercarriage. 

A mock-up  of  the  front  portion  of  fuselage,  and  in  the  case  of  a commercial 
machine  the  passengers’  cabin,  should  be  m.ade  in  lough  w^ood  with  dumn\>- 
controls  (engine  and  flying)  and  seating  accommodation.  From  this  visibility, 
leg-room,  position  of  controls,  acce'^sibility  to  engine  controls,  swatches  and 
instruments  can  be  checked  : positions  for  wnreless,  bomb  sight,  camera,  oxygen 
apparatus,  can  also  be  rigged  up  and  approved.  Alterations  can  be  made  in  a 
rough  manner,  and  the  design  modified,  if  necessary,  at  an  early  stage.  This 
saves  a great  amount  of  scheming  and  diawnng  in  the  Drawing  Office,  and 
incidentally  prevents  a large  amount  of  modifications  being  issued  to  the  shops 
at  a later  date. 

The  time  and  expense  of  this  mock-up  is  therefore  often  saved  many  times 
over. 


COMPLETE  SPECIFICATION. 

When  the  final  design  is  approved,  the  component  weights  can  be  finally 
checked,  centre  of  gravity  re-taken,  and  a final  specification  drawn  up  for  use 
in  the  drawing  office,  giving  detailed  requirements  of  each  component  of  the 
machine. 


FINAL  DESIGN. 

With  this  final  specification  set  out  and  the  scheme  approved,  it  can  then 
be  issued  to  the  drawing  office,  and  each  component  of  the  aeroplane  allocated 
for  large  size  schemes  of  components,  to  determine  the  best  method  of  con- 
struction and  detail  design. 

We  have,  for  choice  of  construction,  three  different  types  : — 

1.  All  wooden  structure. 

2.  All  metal  structure. 

3.  Metal  cum  w^ood  structure. 
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These  can  again  be  subdivided  as  follows  : — ■ 

1.  (a)  Monocoque  wooden  structure. 

(b)  Wire  braced  ,, 

2.  (a)  Tubular  steel  structure. 

(b)  Built-up  steel  structure  by  special  sections. 

(c)  A combination  of  the  two ; this  can  be  made  in  duralumin  or 
aluminium. 

3.  (a)  Steel  tubular  main  structure,  such  as  fuselage,  wing  spars  and 

compression  struts,  undercarriage  and  wing  struts,  the  ribs, 
leading  and  trailing  edges,  fairings,  etc.,  being  in  wood. 

(b)  Metal  built-up  main  structure  of  special  sheet  sections,  such  as 
fuselage,  wing  spars,  compression  struts,  undercarnage  and  wing 
struts,  the  ribs,  leading  and  trailing  edges,  fairings,  etc.,  being 
in  wood. 

Slide  No.  3 shows  special  construction  of  a body  of  a large  bomber  built 
during  the  latter  end  of  the  war,  construction  of  low  grade  wooden  planking 
on  side  3/16  in.  and  ^ in.  thick  grooved  and  tenoned  into  each  other,  nailed 
to  longerons  and  struts  with  copper  nails,  and  nails  bent  over  on  inside.  The 
planking  was  also  sewn  to  stiffeners  with  brass  wire,  corners  of  transverse 
members  were  fixed  by  fitting  3-ply  gussets,  and  corner  chocks,  glued  and  pegged 
with  hard  wood  pegs.  Slide  No.  4 shows  the  details  of  planking  and  jointing. 
Tubular  rivets  were  used  in  almost  every  case  where  fittings  were  attached. 

Thq  choice  of  construction  will  depend  on  : — 

1.  Cheapness  of  construction. 

2.  Number  of  machines  to  be  constructed. 

3.  Weight-saving. 

4.  Robustness  of  construction. 

5.  Delivery  and  ease  of  obtaining  material. 

The  merits  of  each  type  could  be  described  briefly  as  follows  : — 

Wooden  Structure. — This  is  the  cheapest  and  simplest  form  of  structure. 
For  a small  number  of  machines  the  initial  cost  is  low,  with  minimum  weight. 

Metal  Structure. — With  the  metal  structure  we  have  a large  variety  of 
metal  of  different  tensile  strengths  to>  choose  from.  (With  wood  we  have  only 
two  approved  timbers — ash  and  spruce — with  a tensile  strength  of  5,500  lbs. 
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per  square  inch.)  With  metal  a weight  strength  ratio  can  be  obtained  equal 
to  wood.  It  is  not  subject  to  atmospheric  and  climatic  conditions,  providing 
it  is  adequately  protected  ; in  the  case  of  steel,  this  can  be  done  by  electro- 
galvanising  or  other  approved  methods.  This  type  of  structure  does  not  warp 
or  affect  interchangeability.  For  a small  number  of  machines  the  initial  cost 
is  invariably  higher. 

Metal  cum  Wood  Construction.— With  this  type  of  construction,^  the 
bare  fuselage  would  be  made  of  metal,  also  the  main  spars,  compression  struts, 
wing  struts  and  undercarriage.  These  form  the  main  structure  of  the  aeroplane 
for  strength  and  resistance  against  atmospheric  and  climatic  conditions,  also 
against  warping,  and  ensure  perfect  interchangeability.  The  subsidiary  struc- 
ture, such  as  ribs,  leading  and  trailing  edges  and  fairing  for  fuselage,  can  be 
made  in  wood,  therebv  saving  expensive  metal  construction  for  ribs,  fairings, 
etc. 


Great  difficulty  is  now  being  experienced  in  obtaining  good  spruce  for  air- 
craft work;  the  requirements  of  the  war  have  made  a marked  effect  on  the 
supply  of  good  spruce.  We  can  only  hope  that  this  will  hasten  the  steel 
construction. 

I am  personally  all  out  for  the  all-metal  aeroplane,  but  I maintain  that  the 
evolution  of  wood  construction  to  metal  construction  must  be  done  in  stages, 
and  I recommend  the  metal  cum  wood  construction  as  the  first  stage,  and  I 
consider  the  tubular  structure  the  best  form  at  present,  as  tubes  can  be  bought 
from  stock  at  a short  notice,  also  at  a low  cost. 

With  the  tubular  structure  a machine  can  be  constructed  for  the  same 
weight  as  a wooden  structure,  and  for  very  little  extra  cost.  We  are,  in  this 
country,  constructing  all-metal  experimental  aeroplanes,  and  developing  the 
built-up  thin  high  tensile  sheet  metal  structures.  This  is  a trend  in  the  right 
direction,  but  the  initial  cost  of  dies,  tools,  jigs,  etc.,  for  manufacture  is 
extremely  high.  With  the  few  orders  available  at  the  present  time,  it  is 
impossible  to  construct  commercially  and  competitively  on  these  lines.  No 
doubt,  when  large  orders  are  placed,  this  type  of  construction  will  compare  very 
favourably  with  the  wooden  structure. 

Having  decided  'on  the  type  of  structure  to  ibe  used,  the  schemes  of  com- 
ponents proceed,  and  a preliminary  estimate  of  the  loads  in  the  structure  can 
be  calculated.  Also  model  tests  for  stability,  etc.,  are  being  carried  out. 

When  the  component  schemes  are  approved,  and  the  structural  loads  are 
completed,  the  detail  design  can  be  put  in  hand. 
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LOAD  FACTORS. 

Before  getting  into  the  subject  of  detail  design,  I would  like  to  touch  on 
the  question  of  load  factors  required  ; these  will  vary  according  to  the  type. 

For  fighting  types,  where  high  speed  combined  with  quick  manoeuvrability 
is  necessary,  the  load  factor  should  be  as  follows  : — > 

Wings. — Load  factor  front  truss  7. 

rear  ,,  5- 

,,  ,,  centre  of  pressure  forward,  with  any  lift  wire 

broken  4.2.  i 

,,  ,,  centre  of  pressure  back  with  any  lift  wire  broken  3. 

Travel  of  centre  of  pressure  taken  for  R.A.F.  15  wing  section  .28 
to  .5. 

Ailerons. — 20  lbs.  per  sq.  ft.  should  be  taken  as  failing  load  on  the  ailerons. 
Load  assumed  as  coming  .3  of  chord  of  aileron. 

Tail  Plane  and  Elevators. — -Tail  plane  taken  for  worst  condition,  that 
being  nose  diving  case, 

W.C.  = load  on  tail. 

Where  W = total  weight  of  machine. 

C = chord  of  main  plane. 

L = length  from  centre  of  gravity  of  machine  to  centre  pressure 
of  tail  plane. 

C.P.  =.33  chord  of  tail  and  elevators. 

Factor  of  safety  to  be  1.5. 

Rudder. — 20  lbs.  per  square  foot  should  be  taken  as  failing  load  of  rudder, 
load  taken  with  centre  of  pressure  .3  of  mean  chord. 

Fins. — 20  lbs.  per  square  food  should  be  taken  as  failing  load  of  fins, 
load  taken  with  centre  of  pressure  .3  of  mean  chord. 

Fuselage. — Foui  cases  should  be  taken  as  follows  : — 

(1)  Landing  over  centre  of  gravity  of  machine,  load  factor  5. 

(2)  Landing  on  wheels  and  skid  load  factor  5. 

(3)  Flying  top  speed,  load  factor  5. 

(4)  Terminal  dive  load  on  tail,  factor  of  safety  1.5. 

Controls. — For  elevator  controls  100  lbs.  should  be  taken  on  top  of  control 

stick. 
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For  aileron  controls  50  lbs.  should  be  taken  on  top  of  control  stick. 

For  rudder  controls  75  lbs.  should  be  taken  on  rudder  bar. 

The  loads  quoted  are  considered  the  maximum  loads  a pilot  could  exert  on 
stick  or  rudder  bar,  and  therefore  the  controlling  surfaces:  must  be  designed  so 
that  the  load  to  be  operated  comes  within  the  above  figures. 

A factor  of  safety  of  1.5  should  be  given. 

Rear  Skid. — Load  factor  4. 

Undercarriage. — Load  factor  of  4 for  conditions  as  follows  : — 

(1)  Landing  on  both  wheels,  tail  above  horizontal. 

(2)  ,,  ,,  ,,  ,,  ,,  horizontal. 

(3)  M and  skid. 

(4)  ,,  ,,  one  wheel,  machine  horizontal. 

For  load-carrying  military  and  commercial  machines,  where  manceuvrability 
and  stunting  are  not  required,  the  load  factors  should  be  as  follows  : — 

Wings. — Load  factor,  front  truss  5. 

,,  ,,  rear  truss  4. 

,,  ,,  centre  of  pressure  forward,  with  any  lift  wire 

broken  3. 

,,  centre  of  pressure  back,  with  any  lift  wire 

broken  2.4. 

Travel  of  centre  of  pressure  for  R.A.F.  15.  Wing  section  taken  .28  to  .5 
chord. 

.\iLERONs. — 16  lbs.  per  sq.  ft.  as  failing  load  of  ailerons.  Load  assumed  to 
come  .3  oLchord  of  aileron. 

Tail  Plane  and  Elevators. — Tail  plane  taken  for  worst  condition,  that 
being  nose-diving  case,  W.C.  =load  on  tail. 

r~ 

Factor  of  safety  to  be  i.o. 

Rudder. — 16  lbs.  per  square  foot  as  failing  load  of  rudder.  Load  assumed 
to  come  .3  of  chord  of  rudder. 

Fins. — 16  lbs.  per  square  foot  as  failing  load  of  fins.  Load  assumed  to 
come  .3  of  mean  chord  of  fin. 

Fuselage. — Four  cases  should  be  taken  as  follows  : — 

(1)  Landing  over  centre  of  gravity  of  machine,  load  factor  5. 

(2)  Landing  on  wheels  and  skid,  load  factor  5. 

(3)  Flying  top  speed,  load  factor  5. 

(4)  Terminal  dive  load  on  tail,  factor  of  safety  i. 
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Controls. — For  elevator  controls  100  lbs.  should  be  taken  on  top  of  control 
stick. 

For  aileron  control  50  lbs.  should  be  taken  on  top  of  control  stick. 

For  rudder  control  75  lbs.  should  be  taken  on  rudder  bar. 

A factor  of  safety  of  1.5  should  be  given. 

Rear  Skid. — Rear  skid,  load  factor  of  4. 

Undercarriage. — Load  factor  of  4 for  conditions  as  follows  ; — 

(1)  Landing  on  both  wheels,  tail  above  horizontal. 

(2)  ,,  ,,  ,,  ,,  ,,  horizontal. 

(3)  M M ,,  n ,,  and  tail  skid. 

(4)  ,,  ,,  one  wheel,  machine  horizontal. 

Whilst  dealing  with  the  question  of  load  factors,  it  should  be  taken  that 
these  represent  the  minimum  load  factors  and  not  the  maximum ; there  are 
cases  on  an  aeroplane  where  load  factor  alone  is  not  siifficient,  and  a factor  of 
safety  over  the  load  factor  is  necessary  to  cover,  for  example  : loads  due  to 
vibration,  trueing  up'  wings,  trueing  up  fuselage,  and  also  handling. 

Vibration  is  a big  enemy  to  an  aeroplane  structure,  especially  to  the 
wing  structure  and  the  engine  structure.  In  the  case  of  the  engine  structure 
care  should  be  taken  to  make  all  pin  joints  of  a robust  size,  keeping  bearing 
pressures  low,  and  where  calculated  for  the  required  load  factor  an  additional 
factor  of  safety  of  2 should  be  added. 

Slide  No.  5 shows  a direct  pull  type  of  fitting,  although  up  to  strength 
by  calculation  and  test,  the  lug  continually  broke,  due  to  vibration  and  sudden 
change  of  section  from  lug  to  main  body  of  fitting.  This  is  a detail  point  in 
design  to  have  careful  attention. 

The  wing  structure  to  my  mind  is  the  premier  part  of  the  aeroplane ; it 
is  the  wing  structure  chiefly  which  bears  the  brunt  of  all  the  bad  weather 
conditions  and  vibrations  of  a badly  running  engine.  It  is  comprised,  in  most 
machines,  of  a flexible  structure  by  reason  of  the  long  span  between  struts,  and 
long  lengths  of  wires,  and  is  continually  subject  to  reversal  of  loads  due  to 
bumpy  weather. 

The  lift  wires,  anti-lift  wires,  and  their  attachments  to  my  mind  call  for 
special  attention,  and  to  cover  reversal  of  loads  due  to  bumpy  weather  and 
vibration.  The  flying  wires  and  their  attachments  should  have  a factor  of 
safety  of  T.25  over  the  load  factor. 

Handling  and  loads  due  to  trueing  up  must  also  be  carefully  considered. 
In  the  case  of  handling,  .‘special  hand  holes  and  grips  should  be  arranged  for, 
thus  avoiding  damage  to  the  machine  when  same  is  being  hauled  about  at  the 
aerodrome. 

Loads  due  to  trueing  up  also  require  special  attention.  In  a force  diagram 
of  a fuselage  or  wing  structure  it  will  often  show  that  certain  members  are 
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redundant,  and  in  others  only  a very  small  load.  In  these  cases  it  is  wise  to 
ignore  the  small  load  or  redundant  member,  and  to  assume  that  an  initial 
tension  may  be  put  in  the  bracing-  wire  of  75  per  cent,  of  the  breaking  load 
of  the  wire;  take  the  resultant  load  on  to  the  member  in  question,  and  design 
accordingly.  It  is  possible,  by  bad  trueing  up,  to  stress  a member  to  a 
greater  load  than  shown  by  calculation.  Slide  No.  6 shows  an  example  of 
initial  tension  being  put  on  wires,  causing  strut  to  bow.  The  strut  in  this 
case  has  a load  factor  of  30. 

Another  point  to  be  borne  in  mind  when  using  standard  tie  rods,  R.A.F. 
wires  or  wiring  plate  sizes  is,  that  if  the  calculated  load  in  a wire  comes  just 
over  the  border  line  of  a standard  size  wire,  do  not  always  be  tempted  to  use 
the  wire  which  is  slightly  under,  but  go  for  the  next  size.  All  designers  are 
optimistic  when  estimating  the  weights  of  machines.  I do  not  think  a machine 
has  yet  been  designed  under  estimated  weight  which  would  pass  Air  Ministry. 
Also,  if  the  machine  is  for  the  Air  Ministry,  it  seldom  gets  through  its  teething 
troubles  without  two  or  three  changes  of  engine  or  requirements,  which 
increase  weight  and  reduce  the  initial  load  factors. 

I do  not  lay  these  points  down  as  rigid  rules,  for  a machine  with  the 
required  load  factors  would  obtain  its  required  airworthiness  certificate,  but  a 
large  proportion  of  service  troubles  and  failures  can  be  traced  to  lack  of  atten- 
tion to  the  points  raised. 

Detail  Design. — With  these  remarks  on  load  factors  we  can  go  back  to 
the  question  of  detail  design.  Having  decided  on  the  type  of  structure,  wood, 
metal,  or  metal-cum-wcod,  it  is  best  to  decide  on  the  type  of  the  main  joints  to 
be  used,  whether  joints  made  of  bent  plates,  or  joints  with  direct  pulls.  For 
an  engineering  job  the  direct  pull  type  is  the  best.  (See  Slides  Nos.  7,  8,  9 and 
10.)  It  will  be  seen  that  with  the  bent  lug  type,  the  plate  is  always  tending  to  find 
the  path  of  least  resistance,  and  unless  the  bend  comes  close  up  to  the  head  of 
the  bolt,  or  the  lug  is  reinforced  against  bending,  the  wiring  plate  lug  will 
lift  and  allow  the  structure  to  get  sloppy.  A great  deal  of  unnecessary  trueing 
up  after  flights  and  landings  would  be  avoided  by  use  of  the  direct  pull  type  of 
fitting.  This  applies  chiefly  to  wing  and  fuselage  joints. 

The  question  of  detail  designing  with  the  minimum  weight  must  alsoi  be 
considered  at  this  stage,  care  being  taken  to  save  every  fraction  of  an  ounce 
without  being  detrimental  to  the  strength  of  the  detail.  In  an  aeroplane  we 
have  hundreds  of  parts,  and  a fraction  of  an  ounce  saved  on  each  part  means 
pounds  on  the  total  weight.  The  use  of  tubular  rivets  instead  of  bolts  saves 
quite  a useful  amount.  In  a scout  machine,  it  is  possible  to  save  15  to  20  lbs., 
and  in  a machine  weighing  8,500  lbs,  75  lbs.  The  next  slide  (N'o.  11)  shows 
formulas  and  loads  permissible  for  different  sizes  of  tubular  rivets ; also  the 
following  slide  shows  method  of  manufacture.  .Slide  12  shows  a small  Bliss 
power  press,  adapted  to  manufacture  on  head  of  the  rivet.  A revolves  in 
direction  of  arrow  ; B,  pieces  of  tube  to  be  headed  ; C,  1,2,  and  3,  punches.  The 
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first  puts  a Vee  in  tube,  second  larger  Vee,  and  third  completes  head. 
D,  pivot ; E,  operating  ratchet ; F,  operating  rod ; G,  cam  and  lever. 

A further  point  to  consider  is  the  method  of  attaching  one  plate  to  another, 
or,  in  the  case  of  metal  constructions,  the  method  of  attaching  fittings.  This 
can  be  done  by  brazing  or  soldering ; welding  should  always  be  avoided. 

Brazing  is  also  troublesome  and  is  likely  to  cause  unseen  fractures. 

Fittings  brazed  require  annealing  after  brazing. 

Soft  soldering  should  be  used  wherever  possible.  The  temperature  required 
is  low,  and  is  not  likely  to  affect  the  strength  or  quality  of  the  metals;  also  it 
does  not  require  annealing  afterwards.  With  properly  designed  fittings  or 
joints  there  are  very  few  cases  in  which  soft  soldering  could  not  be  used.  I 
recommend  the  use  of  soft  soldering  wherever  possible. 

Fuselage. — The  question  as  to  type  of  mam  joints  nas  already  been  men- 
tioned, and  care  should  be  taken  to  make  allowance  for  fitting  accessories,  etc. 
This  can  be  incorporated  in  the  detail  design  stage,  and  prevents  little  fittings 
being  slipped  about  the  fuselage,  and  extra  holes  being  drilled  at  a later  stage. 

The  undercarriage  joints  on  fuselage  should  be  given  careful  attention,  and 
universal  joints  should  be  fitted ; this  gives  longer  life  to  the  fuselage  and  under- 
carriage. In  case  of  a broken  undercarriage  the  fitting  on  the  fuselage  is  not 
damaged,  and  a new  one  can  be  fitted  in  a short  time.  If  the  undercarriage 
fitting  is  bolted  direct  to  the  undercarriage  a crashed  undercarriage  then  means 
a replacement  of  fuselage  fittings,  and  probably  broken  longerons.  The  extra 
cost  of  incorporating  universal  joints  would  be  saved  on  maintenance.  {Slides 
Nos.  13  and  14.) 

The  fuselage  can  be  made  in  three  units,  viz.  : Engine  housing,  front  por- 
tion, including  cabin,  and  rear  portion.  This  would  greatly  assist  replace- 
ments and  transport  by  road. 

Undercarriage. — Three  types  of  undercarriage  are  chiefly  used  ; — 

(1)  With  rubber  shock  absorbers. 

(2)  With  Oleo  tyjie. 

(3)  With  Oleo  and  rubber. 

The  rubber  shock  absorber  is  used  more  largely  owing  to  cheapness  of 
construction  and  replacement.  For  an  engineering  construction  the  Oleo  type, 
comprising  oil,  air,  and  springs,  is  the  best  type.  The  rubber  shock  absorber 
type,  with  the  rubber  bound  round  the  axle  should  be  avoided,  as  it  is  diflicult 
to  replace;  also,  if  one  strand  goes  the  whole  binding  gives  wav.  If  rubber 
shock  absorbers  are  used,  the  special  rubber  rings  should  be  called  for.  This 
enables  easy  replacements  to  be  made  of  one  or  more  rings.  {See  Slides  Nos. 
15  and  16.) 

It  is  well  to  incorporate  a form  of  damping  device  to  prevent  the  machine 
bouncing  after  touching  the  ground.  Ease  of  changing  axle  and  wheels  should 
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also  be  carefully  considered.  Inspection  holes  in  strut  ends  should  be  made. 
This  allows  one  to  see  that  the  aluminum  block  beds  on  to  strut.  {See  Slide 
No.  17.) 

Flying  Controls. — Flying  controls  call  for  careful  attention,  and  a great 
deal  can  be  done  to  design  them  on  more  engineering  lines.  It  is  an  advantage 
to  design  controls  in  easily  detachable  units,  such  as  control  stick,  complete 
with  control  stick  housing,  rudder  bar,  and  housing.  Facilities  for  adjustment 
should  be  made  to  allow  for  length  of  pilot’s  leg  and  position  of  stick;  also, 
arrangements  should  be  made  for  labricating  the  moving  parts.  {See  Slide 
No.  18.) 

Wings. — The  type  of  joints  have  already  been  mentioned,  and  it  is  recom- 
mended that  the  direct  pull  type  of  joint  should  be  used.  This  tends  towards 
maintaining  a true  braced  wing  structure.  The  question  of  wing  attachment 
to  top  and  bottom  centre  sections  is  a point  to  watch.  This  is  done  in  most 
machines  by  using  fishplates  bolted  to  centre  section  and  wing.  This  type 
requires  careful  handling  to  prevent  straining  spars  when  rigging.  A universal 
joint  at  these  points  facilitates  ease  of  erection,  and  makes  a foolproof  joint. 
{See  Slide  No.  iq.)  Inspection  holes  for  strut  ends  should  be  made  as  mentioned 
in  undercarriage  subject.  {See  Slides  Nos.  20  and  21.) 

Rear  Skid. — The  rear  skid  is  a component  of  the  aeroplane  which  has  not 
been  given  sufficient  attention.  The  skid  has  to  take  more  wear  and  tear  on 
the  ground  than  any  other  part  of  the  aeroplane.  Due  to  contact  with  the 
ground  the  skid  end  wears  away  very  quickly,  and,  in  many  cases,  excess  wear 
means  fitting  new  skid.  With  a little  care  in  design  a quick-detachable  shoe 
can  be  designed,  so  that  a worn  shoe  can  be  replaced  in  a few  minutes.  Care 
should  also  be  given  to  the  moving  parts,  and  adequate  bearing  area  should  be 
allowed. 

Fuel  and  Oil  Tanks. — In  many  machines  the  tanks  are  placed  in  such  a 
position  that  should  a petrol  tank  leak,  half  the  machine  has  to  be  taken  to 
pieces  to  get  at  the  tank.  In  service,  or  commercially,  it  is  important  to  place 
the  tanks  in  such  a position  to  allow  of  quick  detachability  and  easy  repair. 
This  can  be  done  by  placing  tanks  on  top  of  the  fuselage,  on  the  sides  of  fuse- 
lage, or  on  the  wings.  Wherever  possible  the  tanks  should  be  placed  on  the 
centre  of  gravity  of  the  aeroplane,  so  as  not  tot  affect  trim  when  the  tanks  are 
empty. 

Petrol  Systems. — The  three  types  in  use  are  : — 

(1)  Pressure  feed. 

(2)  Feed  by  means  of  petrol  pump. 

(3)  Gravity. 

No.  I should  be  avoided,  as  it  introduces  a large  number  of  joints  likely  to 
cause  failure. 
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No.  3,  gravity  system,  is  the  most  foolproof,  and  should  be  adopted, 
especially  for  comrhercial  machines. 

Miscellaneous. — Provision  for  handling  the  machine  on  the  ground  sliould 
be  carefully  considered,  and  adequate  arrangements  made ; alsO'  the  points  for 
handling  clearly  marked  on  the  machine.  Holding-down  rings  should  be  used 
for  holding  the  machine  in  the  open,  and  towing  rings  in  the  case  of  large 
machines. 

Covers,  should  be  provided  for  engine  and  cockpits,  in  case  of  forced 
landings. 

This  concludes  the  chief  points  covering  the  precis  of  the  title  of  my  paper. 

1 should  like  now  to  mention  one  or  two  points  relating  to  commercial  machines 
and  racing  types. 

Commercial  Machines. — 1 have  in  my  paper  already  drawn  attention  to 
many  points  in  connection  with  the  design  of  this  type,  and  would  like  to  add  a 
few  remarks  about  the  goods  carrier.  This  type  varies  very  little  from  the 
passenger  type  in  general  outline.  Speed  is  not  so  important,  the  interior  and 
external  finis.h  need  not  be  so  elaborate,  but  it  must  be  designed  to  take  large 
and  bulky  goods,  equal  to  that  of  a railway  truck  or  a large  modern  motor  van. 
For  structural  reasons  it  is  impossible  to  have  side-doors  large  , enough  to 
accommodate  goods  of  large  dimensions.  The  only  way  is  to  make  a provision 
to  open  the  fuselage.  I will  show  you  a slide  of  the  Gloucestershire  goods 
type,  designed  to  take  such  goods.  You  will  see  that  this  scheme  offers  the 
facilities  of  a railway  truck  or  motor  van.  {See  Slide  No.  23.) 

Racing  Machines. — The  question  of  racing  machines  can  be  divided  into 
two  classes  : — 

(1)  The  machine  designed  for  the  maximum  high  speed,  irrespective  of  safe 

landing  speed. 

(2)  The  machine  designed  for  the  greatest  speed  and  reasonably  slow  land- 

ing  speed,  also  a sporting  chance  for  the  pilot  in  case  of  a forced 
landing. 

Case  I is  the  practice  chiefly  adopted  for  continental  racing  machines,  and, 
although  giving  good  results  in  the  way  of  top  speed  under  racing  conditions, 
the  resulting  machine  is  purely  freakish,  inasmuch  as  it  can  only  be  flown  by 
special  pilots  who  are  trained  exclusively  for  racing,  and  then  only  at  great 
risk.  Ihis  can  easily  be  understood  when  it  is  realised  that  such  machines 
often  land  at  speeds  above  100  m.p.h. 

Case  2 is  the  method  generally  adopted  in  this  country,  and,  whilst  giving 
the  pilot  a greater  degree  of  safety,  the  machine  is  also  capalile  of  being  utilised 
for  some  other  useful  purpose,  such  as  a scout  or  high-speed  postal  machine. 
'I'he  question  of  landing  grounds  also  concerns  this  point,  as  those  existing  in 
England  are  generally  much  inferior  to  many  on  the  Continent.  It  will  be 
realised  that  the  question  of  landing  speed  is  important,  since  generally  a 
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max:hine  with  a higher  landing  speed  will  have  a higher  top  speed,  and  therefore 
a machine  with  the  maximum  top  speed  will  not  necessarily  be  the  most  efficient, 
and  it  is  desired  to  point  out  here  that  the  real  criteriorii  of  speed  on  a racing 
machine  is  not  the  maximum  speed,  but  the  difference  between  the  maximum 
and  minimum  speeds  of  the  machine  under  any  specified  conditions. 

The  next  important  item  in  racing  machine  design  is  the  wing  section. 
This,  of  course,  is  mainly  a matter  for  experiment,  and  the  type!  of  section  to 
be  aimed  for  is  that  having  high  values  of  L/D  at  very  small  angles  of  incidence. 

Having  determined  the  landing  speed  required  and  the  wing  section  most 
suitable,  the  remainder  of  the  points  to  consider  for  reduction  of  head  resistance 
may  be  taken  as — 

(1)  Clean  and  shapely  lines  to  the  fuselage. 

(2)  Parts  merging  into  or  out  of  fuselage  should  be  arranged  to  do  so 

gradually  ; in  other  words,  all  sharp  corners  should  be  avoided. 

(3)  All  external  fittings  should  be  faired  off. 

(4)  The  undercarriage  should  be  carefully  considered,  with  a view  to  avoid- 

ing air  pockets  and  congestion  of  parts.  A fairing  fitted  to  the  rear 
of  the  wheels  is  a very  valuable  item  when  it  is  realised  that  an 
increase  of  about  four  miles  per  hour  is  possible  with  such  fairing. 
(See  Slides  Nos.  24,  25,  26,  and  27.) 

Conclusion. — In  conclusion,  it  is  hoped  that  the  points  mentioned  will  be 
of  use  to  the  engineer  and  draughtsman.  The  points  raised  and  approximate 
data  given  are  the  results  of  experience  over  30  different  designs,  ranging  from 
small  scouts  to  large  twin-engined  machines.  If  these  points  are  carefully  con- 
sidered, and  aeroplanes  designed  on  a more  engineering  basis,  the  result  will 
be  longer  life,  greater  efficiency,  and  a greater  commercial  success;  this  in  turn 
will  tend  to  reduce  Insurance  rates,  and  encourage  the  general  public  to  use 
aircraft;  at  the  present  time  the  man  in  the  street  looks  upon  aircraft  as  being 
built  up  of  bits  of  wood,  string,  nails,  fabric,  and  hoop  iron. 

There  have  been  many  valuable  draughtsmen  and  engineers  lost  to  the 
industry  due  to  the  drastic  cuts  in  the  designing  staff  under  the  guise  of 
economy,  but  it  is  hoped  that  this  paper  may  be  some  means  of  keeping  them 
in  touch  with  the  present-day  requirements  and  methods  of  aircraft  design.  It 
IS  not  generally  realised  that  other  countries  are  making  more  rapid  develop- 
ments in  aircraft,  both  in  war  and  commercial  services,  and  that  a time  will 
come  when  this  country  will  suddenly  realise  that  they  are  very  much  out  of 
date  and  behind.  I appeal  to  those  who  have  been  in  the  aircraft  industry  to 
keep  in  touch  with  progress,  so  that  when  the  time  comes  they  will  be  in  a 
position  to  assist  in  what  will  probably  be  a national  emergency. 

When  the  ban  on  Herman  aircraft  is  lifted  in  May,  there  will  be  no  reason 
why  Germany  should  not  produce  fighting  machines  in  laige  quantities,  as,  - 
although  they  will  be  limited  to  horse-power  and  duration,  there  is  nothing  to 
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prevent  them  designing  for  high  horse-power  and  duration,  then  fitting  a'  small 
horse-power  engine  to  come  within  the  restrictions  imposed  by  the  Peace  Treaty. 

The  recent  air  raids  appear  to  he  now  almost  forgotten,  and  it  does  not 
seem  to  be  realised  that  they  could  be  repeated  almost  without  warning  and 
with  more  disastrous  results. 

We  should  at  the  present  time  l^e  converting  coastguard  stations  into  air- 
guard  stations,  linking  up  the  whole  of  the  coast  line ; also  designing  and  con- 
structing special  types  for  use  in  the  East;  existing  types  are  obsolete,  and 
should  be  replaced  by  mac'hines  suitable  for  the  work. 


AAA 


At  the  conclusion  of  the  reading  the  Chairman  said  : — 

This  is  a paper  that  will  stand  out  in  my  memory  for  a long  time  as  being  a 
particularly  comprehensive  one,  and  I feel  I could  go  off  and  design  a good 
aeroplane  straight  away.  There  are  one  or  two  points  I should  like  to  touch 
upon,  but  before  doing  so  I will  ask  others  to  say  a few  words. 


DISCUSSION. 

Dr.  Thurston  ; I came  here  this  evening  expecting  a very  great  treat,  and 
I have  certainly  not  been  mistaken.  It  seems  to  me  this  paper  is  of  the  greatest 
possible  use,  and  sums  up  the  massed  experience  of  the  war.  I hope  you  will 
be  able  to  publish  this  paper  in  its  entirety,  andi  the  illustrations  and  charts  are 
all  so  good  that  I hope  they  will  be  published  as  well. 

The  point  that  strikes  me  this  evening  is  this — here  we  have  put  in  a simple 
and  clear  way  the  concentrated  essence  of  the  science  of  aircraft  design,  without 
any  complicated  mathematical  formulae  or  theories,  and  it  shows  how  simple 
things  are  to  the  ordered  mind.  It  brings  one  to  Milton’s  way  of  putting 
things  : — 

“ It  is  not  to  know  at  large  of  things  remote  from  use,  obscure  and  subtle, 
but  to  know  that  which  before  us  lies  in  daily  life  ; is  the  prime  wisdom.” 

'I'hat  strikes  me  as  being  the  essential  point  of  this  paper — the  remarkabh 
simple  way  in  which  Mr.  Folland  has  chosen  to  bring  forward  the  essential 
things  in  aircraft  design. 
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Relative  to  the  chart  of  the  percentage  weights  of  various  machines,  at 
the  beginning  of  the  war  I had  to  consider  various  designs  for  acceptance,  and 
the  most  alarmingly  optimistic  statements  as  to  performance  were  made  by 
certain  designers,  so  that  it  was  necessary  to  thoroughly  analyse  their  designs. 
One  way  of  doing  this  was  to  analyse  the  proportional  weights  of  every  machine 
made,  and  to  plot  the  results  against  the  total  weight  of  the  machine.  Hence, 
if  the  various  parts  had  the  same  proportional  weight  for  all  sizes,  a series  of 
parallel  lines  would  be  obtained. 

A series  of  lines  representing  the  weights  of  fuselage,  engine,  etc.,  for 
every  conceivable  type  were  obtained,  and  the  limitations  of  various  designs 
were  indicated. 

I agree  with  Mr.  Folland’s  remarks  relative  to  the  necessity  for  care  in 
landing.  During  the  war  many  machines  were  subjected  to  most  severe 
bumping  w hen  landing.  One  man  achieved  the  distinction  of  being  the  champion 
“ bumper  ” or  “ bouncer.”  He  was  never  known  to  land  without  crashing  the 
undercarriage.  One  day  he  came  In,  and,  to  everyone’s  astonishment,  made 
a perfectly  good  landing.  However,  when  the  other  fellows  ran  out  to  con- 
gratulate him,  it  was  found  that  the  Huns  had  shot  away  his  controls. 
(Laughter.)  The  same  gentleman  was  also  rather  great  on  night-landing 
stunts.  His  record  bump  was  when  he  bumped  so  high  that  he  bumped  out  the 
light  of  the  flare.  (Renewed  laughter.) 

The  point  relative  to  visibility  is  a very  important  one,  particularly  from  a 
commercial  point  of  view.  Everyone  who  had  to  fly  during  the  war  knew  that 
large  numbers  of  machines  had  most  alarming  escapes.  I have  had  pupils  glide 
suddenly  straight  underneath  and  overhead,  flying  at  a greater  pace,  without 
seeing  my  machine.  If  the  pilot  was  placed  right  In  front  of  the  machine  I do 
not  think  it  would  be  possible  to  make  those  mistakes.  In  the  ordinary  method 
of  placing  the  pilot  with  a wing  in  front  of  him,  it  isl  always  possible  to  get  in 
some  position  with  a blind  spot  when  you  can’t  see  him. 

Mr.  Folland  has  mentioned  the  subject  of  all-metal  construction.  That 
undoubtedly  has  a very  great  future,  and  if  the  war  had  only  gone  on  a month 
or  two  longer  our  machines  would  have  advanced  more  in  that  montH  or  two 
than  they  wall  in  the  next  twenty  years.  I agree  with  him  regarding  all  metal 
tubular  structures;  but  it  is  not  essential  to  have  metali  construction  of  tuhes^ 
but  of  sections  of  tubes.  All  that  is  necessary  is  to  have  the  metal  longitudinally 
corrugated,  so  that  the  ratio  of  the  radius  of  the  corrugation  to('  the  thickness 
of  the  metal  does  not  exceed  a certain  amount  (say  30).  In  highly  stressed 
parts  the  ratio  should  be  something  less  than  30.  We  did  produce  during  the 
war  a number  of  spars  having  greater  strength  than  the  best  spruce  spars,  and 
weighing  certainly  not  more  than  80  to  85  per  cent,  of  the  corresponding 
wooden  structure.  In  the  development  of  metal  construction  it  is  desirable 
that  we  should  take  only  certain  simple  parts,  such  as  the  spars,  and  convert 
them  into  metal,  leaving  all  the  other  parts  in  wood. 
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Relative  to  load  factors  : — During  the  war  there  was  a tendency  to  design 
machines  with  these  factors  too  small,  but  it  appears  to  me  that  some  of  the 
figures  now  given  are  rather  on  the  high  side.  It  is  desirable  to  make  the 
factors  'accommodate  themselves  to  the  various  parts,  as  certain  parts  do  not 
require  so  high  a factor.  I hav'c  in  mind  a v'ery  fast  scout  machine,  whiclt  had 
a load  factor  of  7 or  8.  Nevertheless,  there  was  one  wire  of  that  machine  which 
was  a factor  of  safety  of  over  g,  and  which  was  continually  breaking.  It  broke 
lime  after  time,  until  the  strength  of  the  wire  was  colossal.  Then  rubber  plugs 
were  placed  under  the  engine  bearers,  and  the  wire  was  reduced  below^  a 
load  factor  of  7 without  it  breaking  again.  It  is  only  massed  experience  that 
enables  a design  to  be  improved.  With  regard  to  larger  machines,  undoubtedly 
they  do  not  require  so  high  a load  factor  as  smaller  machines,  and  the  load 
factors  given  in  'the  table  appear  to  be  somewhat  high.  Early  in  the  war  I 
plotted  the  load  factors  against  the  weights  of  machines,  and  it  was  clear  that 
as  the  size  of  the  machine  increases  the  load  factor  is  considerably  reduced.  I 
took  the  strength  of  every  part,  and  the  records  of  every  accident  I knew  of, 
and  plotted  the  results  on  charts.  By  that  means  curv^es  were  giv^en  showing 
the  minmum  safe  load  factor  for  each  individual  part. 

One  further  point  strikes  me  as  being  important,  namely,  that  every  part 
of  the  vital  structure  of  an  aeroplane  should  be  duplicated,  if  possible,  through 
another  member.  That  is  to  say,  you  should,  if  passible,  have  two  spars  side 
by  side,  as  shown  on  one  of  the  slides,  so  that  if  one  breaks  you  have  a second 
one  available.  Incidence  wares  should  be  made  sufficiently  strong,  so  that  if 
the  main  wares  are  shot  away  or  get  broken,  then  the  incidence  wire  will  take 
the  load,  and  bring  you  safely  home  Another  important  point  with  regard  to 
the  structure  is  to  see  that  it  is  a perfect  or  complete  structure.  Many  designs 
during  the  war  were  found  either  to  have  redundant  parts  or  the  structure  incom- 
plete. Thus,  means  should  be  provided  to  take  the  tension  of  the  lift  wires 
aeross  the  body,  as  the  other  lift  wires. 

In  other  cases  one  had  to  prov'ide  for  up-and-down  loadsi  on  the  tail,  and 
the  rear  part  of  the  body  of  a machine  should  be  suitably  based  to  take  either 
load.  The  front  portion  of  the  wings  should  hav-e  ample  provision  to  take 
down  loads. 

"All  these  are  essential  points,  and  during  the  war,  by  th.e  massed  experience 
of  our  designers,  this  country  obtained  a foremost  position  in  aircraft  design. 
We  seem  at  the  present  moment  to  be  losing  our  position,  but  I know,  Sir,  you 
vvill.  In  your  honoured  position,  do-  what  you  can  to  keep  this  very  important 
national  science  in  full  prominence. 

Mr.  T.  G.  Andrews  : I should  like  to  add  my  eongratulation.s  to  Mr. 
Folland  on  his  excellent  paper.  -It  is  impossible  for  me  to  criticise  same  in 
detail,  as  I have  not  seen  -it  until  this  evening’s  reading.  I am  particularly 
pleased  to  note  that  he  has  laid  stress  on  the  fact  that  aircraft  design  should  be 
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made  more  of  an  engineering  proposition.  We  must  get  away  from  the  popular 
tradition  that  an  aeroplane  is  a collection  of  bits  of  wood,  string,  paper,  and 
hoop  iron.  I quite  agree  with  the  lecturer  with,  regard  to  metal  ppnstruction, 
and  think  that  when  aeroplanes  are  largely  constructed  of  easily  replaced  metal 
components  we  shall  have  gone  a long  wav  towards  solving  the  problem  of  a 
satisfactory  aeroplane. 


Mr.  a.  F.  Houlberg  : There  are  one  or  two  points  which  I should  like 
to  see  more  stress  laid  upon.  With  regard  to  wing  spars,  it  is  essential  that 
the  front  spar  should  not  be  too  far  from  the  leading  edge. 

I endorse  his  remarks  with  reference  to  stresses.  The  lack  of  common- 
sense  shown  by  some  workmen  is  appalling.  I have  seen  machines  stressed  to 
such  an  extent  in  the  shops  that!  they  were  very  dangerous  before  they  were 
completed. 

I should  like  to  make  a few  remarks  on  Slide  7,  which  gives  percentages 
of  weights  and  also  areas,  particularly  those  giving  areas  of  rudder.  Some  of 
those  figures  will  require  modification,  especially  from  the  point  of  view  of  com- 
mercial machine  design,  where  comparatively  large  fuselages  are  used. 

In  conclusion,  I wish  to  offer  many  thanks  for  the  excellent  lecture  we  have 

had. 

Capt.  Sayers  : This  paper  is,  indeed,  a most  valuable  one  , whether  to  those 
who  have  actual  designing  experience,  or  who  hoj>e  to  do  so.  It  is  a very 
difficult  paper  to  criticise  There  is  such  a large  amount  of  material  that  the 
one  and  a-half  hours  I have  had  to  spare  has  not  allowed  me  to  apply  any  check 
to  the  figures,  or  to  say  on  what  points  I agree  or  disagree.  I think  there  is 
no  point  which  I wish  to  criticise  adversely.  It  is  very  satisfactory  to  discover 
that  all  successful  aeroplane  designers  work  on  very  straightforward  and  com- 
monsense  lines.  I know  one  designer  who  designed  to  wonderful  formulae,  but 
none  of  his  machines  ever  flew. 

One  interesting  point  Mr.  Folland  suggests  is  the  arrangement  of  different 
standard  wings  to  suit  machines  for  operations  in  countries  where  the  atmo- 
spheric conditions  are  different  from  those  here.  I am  not  quite  certain  whether 
there  exists  (can  he  tell  us?)  a complex  range  of  wing  sections  which  will  suit 
all  conditions.  They  might  be  of  mpre  than  military  service. 

I agree  with  him  on  the  subject  of  metal  and  wood  construction,  and  have 
no  doubt  that  steel  tubular  struts  can  be  used  almost  anywhere  with  very  much 
less  cost  and  with  no  extra  weight.  For  interplane  struts  and  all  kinds  of 
struts  it  is  possible  to  make  use  of  a very’  small  number  of  gauges  and  diameters 
of  steel  tubes,  and  to  reduce  the  number  of  different  parts  in  a machine  to  a 
verv  ereat  extent.  If  the  steel  tube  were  even  a little  heavier  than  the  wooden 
structure  it  would  pay  to  use  it. 


AEROPLANE  DESIGN, 


23 


There  is  only  one  other  point.  On  page  24  Mr.  Folland  says,  with  regard 
to  racing  machines,  that  one  has  to  consider  ; — 

(1)  Clean  and  shapely  lines,  etc. 

(2)  Parts  merging  into  or  out  of  fuselage  should  be  arranged  to  do  so 

gradually,  etc. 

(3)  All  external  fittings  should  be  faired  off. 

(4)  The  undercarriage  should  be  carefully  considered,  with  a view  to 

avoiding  all  aii  pockets  and  congestion  of  parts.  . . .” 

1 do  not  agree  that  one  should  confine  this  to  racing  machines  ; it  is  worth 
while  doing  it  in  any  case. 


Mr.  F.  R.  Simms  : 1 have  not  much  to  say,  and  prefer  that  others  here  who 
are  more  able  to  do  so  will  speak.  1 have  listened  with  great  attention  and 
interest  to  this  paper,  and  feel  sure  that  students  who  are  present  will  read  it 
over  and  over  again,  and  take  advantage  of  the  points  which  have  been  so 
ably  put  before  us. 

Mr.  W.  O.  Manning  : Regarding  ailerons,  1 prefer  to  use  a wing  area  of 
about  16  per  cent. 

A combination  structure  of  steel  and  duralumin  would  be  unsatisfactory 
anywhere  near  the  coast,  owing  to  corrosion  difiiculties. 

The  safest  machine  for  military  types  is  not  necessarily  that  which  is  safest 
to  land,  but  the  reverse  is  true  of  commercial  aircraft,  and  I suggest  that  the 
factor  of  safety  of  the  chassis  for  commercial  aircraft  should  be  higher  than 
that  equivalent  in  military  types.  I ‘suggest  5 as  a good  figure. 

Can  Mr.  Folland  give  us  any  details  as  to  three-ply  fuselage?  Also  weight 
details  ? 

With  regard  to  aeroplane  fittings,  1 prefer  the  bent  lug  type,  as  it  is  easy 
with  this  fitting  to  make  the  plane  watertight.  I agree  with  Mr.  Folland’s 
lemarks  on  this  type,  but  would  point  out  that  these  difiiculties  can  be  overcome 
in  the  manner  stated  by  him. 

With  regard  to  biazing,  I have  always  found  dip-brazing  the  I)est,  and 
would  point  out  that  if  this  type  is  used  annealing  is  unnecessary. 

I should  like  to  say  that  this  is  one  of  the  most  interesting  papers  I have 
ever  listened  to. 

Letter  received  from  Mr.  F.  T.  Hill,  who  was  unfortunately  prevented  from 
being  present  : — 

I should  first  of  all  like  to  be  allowed  to  congratulate  the  author  upon 
having  placed  before  us  a collection  of  material — a good  deal  of  which  is  pub- 
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lished  far  the  first  time — the  value  of  which  .to  designers  is  inestimable.  It  is 
obviously  the  condensed  result  of  his  many  years’  experience  as  an  aeroplane 
designer,  and  deserves  to  rank  as  one  of  the  classics  upon  this  subject. 

iMetal-cl:.m-V\'ood  Construction. — While  I agree  with  the  author’s  remarks 
upon  many  advantages  of  this  method  of  construction,  I am  not  so 
sure  that  the  complaints  against  the  old  wooden  construction,  from  the  point  of 
view  of  non-interchangeability  of  hinges,  have  not  been  greatly  exaggerated, 
and  where  they  did  exist  were  due  to  designers  endeavouring  to  work  to  unneces- 
sarily fine  limits  upon  the  parts  which  had  to  fit  rather  than  constructional  faults. 
Take  the  case,  for  instance,  of  the  aileron  hinges,  in  which  there  are  usually 
three  eyebolts  fitting  m between  faces  of  jaws  on  the  opposite  component.  As 
long  as  all  of  the  faces  were  designed  with  small  limits  of  the  order'  of  a few 
hundredths  of  an  inch  I agree  that  the  aileron  never  did  fit  on  to  its  correspond- 
ing hinges  on  the  plane  spar  after  it  had  been  in  store  for  any  considerable  period. 
This  difficulty  was,  however,  almost  entirely  eliminated  by  using  the  centre  hinge 
as  a positioning  hinge,  allowing  the  usual  small  limits  on  its  face  to  prevent  side 
play,  and  then  allowing  considerable  limits  on  the  two  outside  hinges. 

Personally,  I think  that  a great  source  of  danger  in  metal  construction  of 
the  type  mentioned  in  this  part  of  the  paper  still  exists?  in  the  possibility  of  the 
metal  crystallising  under  the  effect  of  vibration,  which  the  author  himself  admits 
later  on  in  the  paper  does  exist,  and  is  of  a certainly  serious  order. 

Undercarriage. — It  appears  to  me  that  the  practical  side  of  undercarriage 
design  is  largely  one  of  ease  of  replacement  of  damaged  palts,  as  everyone 
appears  to  agree  that  it  is  desirable  to  design  an  undercarriage  in  such  a manner 
that  it  shall  collapse  under  unduly  heavy  load  rather  than  transmit  the  shock  to 
the  fuselage.  In  this  connection,  it  is  surprising  that  nobody  appears  to  be 
now  making  use  of  the  idea,  which  was  adopted  on  one  of  the  small  war-time 
scouts — I believe  it  was  a Sopwith  machine — of  making  axles  of  a fairly  heavy 
gauge,  aluminium  tube.  It  was  my  experience  in  dealing  with  these  machines 
that  even  with  an  undercarriage,  the  top  of  whose  vees  were  rigidly  connected 
to  the  longerons,  these  axles  could  be  bent  considerably  under  bad  landing 
without  damaging  any  other  part  of  the  structure.  If  an  axle  of  this  type  was 
used  in  conjunction  with  the  universal  joints  on  the  top  of  the  undercarriage 
already  ad\ocated  by  the  author,  and  the  rubber  shock  absorber  was  attached 
to  spools,  through  which  the  axle  could  slide  instead  of  being  attached  to  the  | 
axle  itself,  the  result  would  appear  to  be  a particularly  simple  type  of  under- 
carriage, which  would  only  bend  its  axle  in  the  event  of  a bad  landing,  the 
replacement  of  which  would  merely  necessitate  removing  the  wheels  and  sliding 
the  bent  axle  through  the  spools.  Under  these  conditions  it  i.s'  almost  possible 
to  visualise  a machine  carrying  a spare  axle,  and  being  repaired  by  the  pilot  on 
the  spot  in  the  event  of  a forced  landing. 

Petrol  Systems. — I thoroughly  agree  with  the  author’s  remark  that  gravity 
systems  should  be  adopted  if  possible,  but  I am  not  so  sure  whether  there  is 
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much  hope  of  this  becoming  universal,  bearing  in  mind  the  modern  trend  of 
aeroplane  design.  The  one  drawback  is  that  the  main  tank  must  necessarily  be 
above  the  level  of  the  engine,  and  therefore  the  danger  from  fire  precludes  it 
from  being  fixed  anywhere  in  the  vicinity  of  the  centre  section  of  the  upper  plane 
in  the  case  of  a single-engine  machine.  If  it  is  placed  further  back  in  the 
fuselage  it  is  quite  possible  that  the  gravity  head  will  be  lost  when  climbing, 
which  is  obviously  a condition  under  which  it  is  most  urgently  required.  If  the 
tanks  are  placed  further  out  at  the  top  wing,  they  introduce  a moment  about  the 
c.g.,  which  is  undesirable,  and  which  would  alter  the  trim  of  the  machine  unless 
both  tanks  are  used  simultaneously,  and  also  if  the  tanks  are  placed  very  far 
out  on  the  plane  the  friction  in  the  necessarily  long  length  of  piping  reduces  in 
effect  the  gravity  head,  and  also  introduce  an  extra  chance  of  damage  during 
handling,  as  these  pipes  will  necessarily  run  down  one  of  the  struts  or  some 
similar  part.  Personally,  I am  of  the  opinion  that  if  a reliable  type  of  flexible 
joint  could  be  developed,  and  placed  where  relative  movement  of  the  two  parts 
is  known  to  occur,  as,  for  instance,  where  the  wings  are  joined  to  the  fuselage, 
there  is  no  reason  why  we  should  not  use  rigid  steel  piping  for  the  rest  of  the 
system  with  properly  made  joints,  when  I am  convinced  that  the  original  pres- 
sure petrol  system  would  be  the  lightest  and  most  reliable. 

Racing  Machines. — I am  exceedingly  pleased  to  see  that  the  author  empha- 
sises the  fact  that  it  is  not  the  maximum  speed,  but  the  difference  between 
the  maximum  and  minimum  speeds,  which  is  the  real  criterion  of  good  design  on 
this  type  of  machine.  This  point  is,  I am  sure,  not  fully  appreciated  by  the 
general  public,  and  even  by  some  aeronautical  people  who  ought  to  know  better, 
in  comparing  the  performance  of  some  of  the  recent  Continental  freak  machines 
and  the  English  racing  machines  of  to-day.  I can  call  to  mind  a conversation 
which  I had  with  a well-known  designer  of  one  of  these  machines,  in  which  he 
stated  that  he  devoutly  hoped  that  he  would  never  receive  an  order  for  one  of 
them,  as  in  the  hands  of  anybody  but  his  own  experienced  pilot  it  would 
inevitably  prove  a death-trap,  and  ruin  his  reputation  as  a designer. 

Incidentally,  designing  for  a big  range  of  difference  between  maximum  and 
minimum  speeds,  means  that  every  encouragement  should  be  given  to  the 
development  of  variable  camber  wings,  which,  I hope  the  author  will  agree  with 
me,  now  appears  to  be  most  certainly  within  measurable  distance  of  being  a 
practical  proposition. 


The  Chairman  : 1 do  not  criticise  the  lecturer  from  the  point  of  view  of 
commission.  If  there  is  any  criticism  it  is  from  the  standpoint  of  omission, 
because  it  would  have  been  extremely  interesting  to  have  heard  from  him  some 
remarks  on  such  difficult  questions  as  all-metal  construction.  Dr.  Thurston 
touched  on  one  particularly  interesting  case  of  the  amounts  for  a factor  of  7 
being  diminished  very  much  by  placing  rubber  under  the  engine  bearings. 
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I should  like  to  know  from  Mr.  Folland  (he  being  a past-master  in  the 
design  of  high-speed  machines)  his  views  on  what  is  a very  interesting  subject ; 
that  is,  the  maximum  size  that  an  aeroplane  can  be  built  to-day,  not  only  a land 
machine,  but  also  a seaplane.  If  the  air  is  to  replace  the  Navy  and  a large  part 
of  its  work,  one  of  the  most  essential  things  that  is  wanted  is  a seaplane  or 
flying  boat,  that  is  seagoing  and  seaworthy,  so  that  it  could  weather  a storm  on 
the  sea,  floating.  Until  we  can  get  that  type  it  seems  to  me  we  cannot  do  some 
things  which  many  people  are  too  prone  to  claim  for  our  service. 

Mr.  Folland  has  said  that  one  of  the  things  you  should  concentrate  on  is  the 
comfort  of  the  pilot  and  passenger,  and,  so  far  as  commercial  machines  are 
concerned,  I very  much  agree  with  him.  In  the  early  days  of  the  Paris-London 
route  I took  a passage  like  the  ordinary  man  in  the  street,  especially  interested 
to  know  just  how  I should  be  treated.  The  first  thing  that  struck  me  (looking 
always  at  the  point  of  view  of  the  man  in  the  street)  was  the  tremendous  noise. 
You  sat  within  ten  feet  of  a 500  horse-power  engine  with  open  exhaust,  and 
most  of  the  people  arrived  in  a sad  condition  after  the  two  hours’  journey. 
Another  thing  was,  that,  being  a particularly  bad  sailor,  within  ten  minutes  I 
was  very  ill,  and  no  provision  whatever  was  made  for  me.  (Laughter.)  The 
position  was  a most  embarrassing  one,  being  in  the  company  of  those  quite 
unknown  to  me,  and  I arrived  in  an  almost  imbecile  condition.  I do  hope  that 
when  designers  come  to  deal  with  some  of  these  questions  they  will  keep  in  mind 
the  ordinarv  man-in-the-street  point  of  view'.  He  must  be  in  a good  state  when 
he  reaches  his  destination. 

Sir  Charles  Bright,  F.R.S.E.,  M.Inst.C.E.,  Vice-President  of  the  Insti- 
tution, said  : As  I listened  to  Mr.  Folland’s  very  carefully  prepared  paper  I could 
not  help  being  struck  with  its  solid  value.  I am  not,  however,  going  to  talk 
about  the  paper,  because  1 do  not  think  I could  say  anything  particularly  illumina- 
ting upon  it.  But  I do  want  to  say  something  with  regard  to  our  President’s 
address  before  the  Institution  in  F'cbruary  last,  in  which  he  spoke  of  the  functions 
of  the  Royal  Aeronautical  Society  and  of  this  Institution  and  the  relations 
between  the  two. 

Personally,  I have  always  felt  that  those  relations  should  be  nothing  but 
friendly,  and  I cannot  see  why  they  should  be  otherwise.  It  seems  to  me  that 
our  President  put  the  matter  extremely  well.  I naturally  have  strong  views  on 
the  subject,  for,  whilst  proud  to  be  associated  with  this  Institution,  I am  also  a 
Fellow  of  the  Royal  Aeronautical  Society,  of  which  my  father  was  one  of  the 
founders  in  1866.  It  will,  therefore,  be  a matter  of  considerable  regret  to  me 
if  the  relations  between  these  two  organisations  are  at  all  strained. 

I sincerely  hope  that  all  members  of  this  Institution  will  do  their  best  to 
see  that  there  is  no  bad  feeling  from  this  quarter,  at  any.  rate.  The  relations 
should  really  be  much  the  same  as  those  subsisting  between  the  Institution  of 
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Civil  Engineers,  the  Institution  of  Mechanical  Engineers,  and  the  Institution  of 
Electrical  Engineers,  all  of  which  carry  on  their  spheres  in  perfectly  friendly 
accord — or  rivalry — if  you  care  to  call  it  that.  As  a matter  of  fact,  conferences 
occur  periodically  between  delegates  of  each,  and  I see  no  good  reason  why 
the  same  sort  of  thing  should  not  hold  good  between  all  organisations  con- 
cerned with  the  air. 

In  conclusion,  I should  like  to  congratulate  the  Institution  on  having  secured 
so  distinguished  a man  in  aeronautics  and  other  walks  of  life  as  Colonel  Moore- 
Brabazon  for  its  President. 
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MR.  FOLLAND’S  REPLY  TO  DISCUSSION. 


The  Chairman  has  mentioned  some  very  important  points  in  con- 
nection with  Aircraft  Design.  I found,  when  compiling  my  paper,  that  if 
I had  dealt  with  the  subject  in  full  detail  it  would  have  run  into  many  pages,  and 
would  never  have  been  finished. 

As  mentioned,  the  subject  is  such  a large  one  that  to  deal  with  each  indi- 
vidual subject  it  would  be  necessary  to  separate  it  into  many  sections. 

The  Chairman  asks,  “ What  is  the  maximum  size  that  an  aeroplane  can 
be  built  to-day,  not  only  for  a land  machine,  but  also  for  sea  craft?  ” The 
limitation  of  the  size  of  a land  machine  may  possibly  be  limited  to  30  or  40  tons, 
but  I cannot  see  any  particular  limit  to  the  size  of  a hying  boat.  I'he  question 
at  the  present  time  is  one  of  h.p.  available;  as  we  increase  the  h.p.  of  our 
engines,  so  shall  we  be  able  to  increase  the  size  and  loading  capacity  of  the 
machine. 

The  Chairman  mentions  his  discomforts  on  the  cross-channel  machines. 
From  my  own  experience  I can  agree  with  him,  with  the  exception  that  I did 
not  prove  so  bad  a sailor. 

The  designers  of  commercial  machines  now  coming  forward  are  studying 
the  question  of  comfort  and  ventilation,  etc.,  and  a great  deal  depends  on  the 
stability  of  the  machines  to  damp  out  the  phugoid  oscillations.  A great  deal 
must  be  done  in  this  direction  to  attract  the  air  traveller  and  to  ensure  that 
after  his  first  flight  he  will  come  again. 

I am  glad  to  hear  that  Dr.  Thurston  agrees  with  the  necessity  of  carc^  in 
designing  for  landing  conditions,  also  with  regard  to  visibility. 
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With  regard  to  all-metal  construction,  this  will  no  doubt  come  in  the  near 
future  both  in  the  form  of  tubes  and  sections.  I personally  think  that  the 
tubular  structure  of  sections  rolled  from  tubes  will  form  the  most  serviceable 
and  a fool-proof  structure.  The  thickness  of  the  metal  should  be  limited  until 
such  time  as  a proper  rust-proof  steel  can  be  obtained  in  reasonable  quantities 
and  at  a reasonable  price. 

I agree  with  Dr.  Thurston  that  during  the  war  spars,  struts,  etc.,  were 
designed  and  gave  excellent  results,  but  in  many  cases  were  not  good  enough 
for  commercial  production. 

With  regard  to  the  remarks  in  reference  to  the  lift-wire,  which  was  con- 
tinually breaking,  this  may  have  been  due  to  excessive  vibration  of  a badly 
running  engine — certain  engines  \vere  well  known  for  having  bad  periods. 

The  question  of  load  factors  is  one  of  utmost  importance,  and  can  be  varied 
according  to  the  requirements  and  the  specific  work  which  the  component  has 
to  do,  and  is  one  of  international  importance.  It  should  be  arranged  in  a 
similar  way  to  Board  of  Trade  Regulations  used  in  many  other  branches  of 
engineering. 

The  question  of  duplication  is  one  which  should  be  probably  more  carefully 
studied  in  a commercial  machine  than  in  a fighting  scout.  In  many  cases 
duplication  with  regard  to  spars  would  mean  a big  increase  m structural  weight. 
This  would  in  turn  reduce  its  co-efficient  of  utility.  One  way  to  ensure  this 
would  be  as  suggested  in  my  paper — to  increase  the  load  factor  of  certain  parts 
which  are  known  to  give  continual  trouble.  In  a fighting  machine  duplication 
is  more  necessary  to  guard  against  fractures  due  to  bullets  or  shell-fire.  In  a 
commercial  machine,  greater  strength  rather  than  duplication  is  necessary  to 
guard  against  excessive  vibration  of  a badly  running  engine,  or  continual  shocks 
due  to  a series  of  bad  landings.  Machines  to-day  are  invariably  duplicated  with 
regard  to  lift-wires. 

I am  pleased  to  note  that  Mr.  Andrews  agrees  with  the  principles  of  my 
paper,  and  that  we  are  gradually  getting  away  from  the  crude  aeroplane 
structure  to  an  engineering  proposition. 

Mr.  Houlberg  raises  a question  with  regard  to  wdng-spars  and  their  posi- 
tion in  relation  to  the  leading  edge. 

This,  to  my  mind,  is  purely  a question  of  designing,  and  I maintain  that 
a wing  can  be  made  strong  enough  with  the  spars  in  any  position.  The  question 
of  having  the  front  spar  close  to  the  leading  edge  was  the  result  of  experience 
during  the  war — on  a number  of  machines  which  were  not  designed  for  nose- 
diving conditions.  It  is  therefore  possible,  with  the  experience  gained,  to  make 
due  allowance  for  such  conditions. 

I note  that  he  agrees  with  my  remarks  with  reference  to  stresses  and  the 
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necessity  of  taking  into  account  initial  loads  which  are  likely  to  occur  due  to 
bad  workmanship  and  other  causes.  With  regard  "o  percentage  of  weights, 
these  are  given  more  for  the  preliminary  design  stage  rather  than  the  final 
estimate.  These  will  be  useful  in  the  initial  stages,  and  as  a starting-point  in 
the  design  of  new’^  types. 

Capt.  Sayers  has  asked  me  to  explain  more  fully  my  suggestion  for  the 
arrangement  of  different  standard  wings  to  suit  machines  operating  in  countries 
where  aerodromes  would  probably  be  anything  from  five  to  eight  thousand  feet 
above  sea  level.  The  wing  sections  I had  in  mind  were  those  of  the  airscrew- 
section  type,  which  could  be  arranged  to  have  the  same  areas,  points  of  attach- 
ment and  interchangeability,  but  would  vary  in  camber  and  a percentage  neces- 
sary to  give  chiefly  good  climb  at  ground  level  and  low-landing  speeds. 

I am  glad  to  note  that  he  agrees  with  my  paper  on  the  subject  of  all-metal 
and  wood  construction,  but  I do  not  agree  tliat  it  is  wise  to  reduce,  at  the 
present  time,  the  number  of  diameters  or  gauges  of  the  tubes.  We  are  still 
getting  over  our  teething  troubles  with  regard  to  steel  construction,  and  for 
the  time  being  we  must  endeavour  to  save  every  ounce  of  material  we  can. 
With  regard  to  my  remarks  on  page  17,  regarding  racing  machines  I agree 
with  Capt.  Sayers  that  these  points  are  of  the  utmost  importance  to  all  aero- 
planes, but  in  many  cases  to  obtain  these  results  it  invariably  means  that  the 
cost  of  the  machine  invariably  becomes  high,  and  in  many  cases,  when  repairs 
are  made,  these  little  additional  fairings  are  invariably  left  off,  and  also  that 
they  sometimes  affect  accessibility. 

I was  very  interested  to  hear  Mr.  Manning’s  remarks,  especially  on  his 
experience  from  the  seaplane  and  flying-boat  design  side.  In  my  paper  I was 
dealing  with  land  machines  only,  as  in  flying-boat  and  seaplane  design  many 
other  conditions  arise,  and  therefore  different  figures  must  be  used. 

I agree  with  him  with  regard  to  ailerons  and  their  percentage  of  total  wing 
surface. 

With  regard  to  a combination  structure  of  steel  and  duralumin,  this  struc- 
ture would  undoubtedly  suffer  from  corrosion  due  to  sea  water.  This  was 
included  in  my  paper  as  one  of  the  many  ways  in  which  metal  structures  are 
built.  I agree  with  Mr.  Manning  that  the  safest  machine  need  not  necessarily 
be  the  safest  to  land  (that  is,  military  type). 

I agree  that  the  load  factor  of  the  lamJing  chassis  of  commercial  machines 
should  be  higher  than  that  equivalent  in  military  types,  always  providing  that 
the  factor  of  safety  is  not  as  large!  as  the  rest  of  the  structure,  for  the  following 
reasons  — 

A machine  with  an  under-carriage  having  a load  factor  equivalent  to  the 
rest  of  the  structure  may  make  a bad  landing  sufficient  to  demolish  the  landing 
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chassis.  On  investigation  the  rest  of  the  structure'  may  appear  to  be  sound  and 
serviceable,  but  it  is  obvious  that  if  the  landing  chassis  has  had  suHicient  shock 
to  demolish  it,  the  adjacent  structure  must  have  been  badb'  strained,  and  pro- 
bably at  a number  of  points  be  at  its  yield-point. 

With  regard  to  3-ply  fuselages,  the  weight  does  not  work  out  very  much 
in  excess  of  the  wire-braced  structure,  the  increase  being  approximately  2 per 
cent.  One  of  the  chief  difficulties  with  the  3-ply  fuselage  is  that  of  repair  in 
the  case  of  a crash.  I note  that  Mr.  Manning  prefers  the  bent-lug  type  of  fitting. 
This  is,  no  doubt,  very  suitable  for  sea-work,  where  a watertight  wing  is  neces- 
sary, but  at  the  same  time,  from  an  engineering  point  of  view,  the  direct  pull- 
type  of  fitting  is  undoubtedly  the  best,  and  could,  I think,  be  made  watertight. 

With  regard  to  brazing,  dip-brazing  is  undoubtedly  good,  but  is  not  fool- 
proof, although  often  assumed  to.  be  excellent,  as  annealing  is  unnecessary  ; but 
at  the  same  time  the  operator,  unless  watched,  will  hold  a fitting  by  a wiring 
lug  with  a pair  of  pliers,  then  dip  the  fitting  into  the  brazing  bath  locally  where 
the  parts  require  brazing.  This  obviously  affects  the  molecules  of  the  steel  and 
localises  the  temperature.  Providing  the  fitting  is  suspended  on  a wire  and 
completely  immersed  in  the  bath,  annealing  will  be  unnecessary,  and  a fool- 
proof job  ensured. 

Mr.  Hill  raises  the  question  in  favour  of  the  all-wooden  construction  with 
regard  to  interchangeability.  I do  not  particularly  refer  to  such  parts  as 
ailerons  : in  many  cases  these  had  very  bad  design  of  hinges.  I was  considering 
more  the  question  of  wings  and  their  spar  attachments  to  the  centre  sections, 
also  such  points  as  warping  of  spars  and  shrinkage,  which  often  takes  place  due 
to  badly  seasoned  timber.  Aileron,  hinges,  rudder  hinges  and  elevator  hinges 
can  easily  be  overcome  by  locating  at  one  hinge  and  leaving  other  hinges  floating. 

With  regard  to  metal  construction  and  the  possibility  of  the  metal  crystallis- 
ing under  the  effect  of  vibration,  I do  not  think  that  this  will  greatly  affect  the 
main  structure  of  an  aeroplane.  The  question  of  vibration  mentioned  in  my 
paper  referred  chiefly  to  the  lift-wires  and  fittings.  It  is  obvious  that  with  a 
braced  structure  certain  wires  will  be  redundant,  and  will  therefore  be  in  a 
continual  state  of  vibration. 

With  regard  tO'  Mr.  Hill’s  remarks  on  under-carriages,  in  the  main  I agree 
with  him,  especially  with  regard  to  the  quick  interchangeability  of  axles  which 
•often  bend  and  give  more  trouble  than  the  rest  of  the  under-carriage  structure. 

With  regard  to  petrol  systems,  I note  that  Mr.  Hill  is  also  in  favour  of 
gravity  systems,  but  he  apparently  considers  that  the  petrol  tank  being  above 
the  engine  is  a drawback  in  a case  of  fire.  This  can  be  overcome  by  placing 
the  petrol  tank  above  the  engine  and  to  one  side  of  the  fuselage  without 
materially  altering  the  lateral  trim  of  the  machine. 
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Incidentally  thet  tankage  could  be  split  up  into  two  tanks,  one  each  side  the 
•centre  section.  The  tank  should,  wherever  possible,  be  placed  near  or  over  the 
•centre  of  gravity  of  the  machine.  With  the  gravity  system  the  minimum 
amount  of  pipe-line  and  the  minimum  amount  of  joints  necessary  go  a long  way 
in  its  favour. 

I am  glad  to  hear  that  Mr.  Hill  agrees  wdth  me  on  the  question  of  •■acing 
machines.  I agree  that  variable  camber  wings  would  be  useful.  My  experi- 
ence with  variable  camber  wings  dates  back  to  early  1914,  when  I found  that 
although  I obtained  a reasonable  speed  range,  the  advantage  gained,  dM  not 
outweigh  the  disadvantage  of  the  extra  weight  and  the  extra  operating  gear. 


AAA 


After  Mr.  Folland’s  reply  to  the  discussion  the  Chairman  said  : — 

I am  very  proud  to  have  heard  this  paper*  and  Mr.  Folland’s  comprehen- 
sive replies  to  the  points  raised.  Anyone  w^ho  has  ever  read  a paper  will  realise 
the  enormous  amount  of  time,  work  and  thought  that  one  of  this  kind  requires, 
and  I think  the  suggestion  that  we  should  publish  it  is  worthy  the  deep  con- 
sideration of  the  Council.  We  are  not,  however,  particularly  well  off  at  the 
moment,  but  it  is  hoped  that  an  abstract  of  the  paper  will  be  circulated  to  our 
members. 

I want  to  draw  your  attention  to  one  of  the  last  paragraphs  in  the  paper, 
in  which  he  says,  “ Those  w-ho  took  part  in  design  during  the  war  should  keep 
abreast  of  the  times.”  I do  not  know  of  any  better  way  of  doing  that  than  by 
joining  our  Institution  and  coming  to  hear  such'  lectures  as  w^e  have  heard 
to-night. 

I noticed  a slight  dig  with  regard  to  lack  of  orders  from  the  Government. 
I am  not  responsible  for  that.  I have  done  all  I possibly  can,  and  I onlv  wish 
that  everybody  here  w'ould  write  to  their  own  M.Ps.  and  make  their  lives  un- 
pleasant until  they  take  the  subject  of  aeronautics  a little  more  seriously  and 
help  us  to  encourage  it  in  the  House.  I must  now  propose  a hearty  vote  of 
thanks  to  Mr.  Folland. 

In  seconding,  Mr.  Molesworth  said  the  paper,  When  printed,  wcmld 
become  a classic,  and  be  of  great  service  to  all  designers  of  aircraft  i.i  the 
future. 

A unanimous  vote  of  thanks  then  brought  the  m.eeting  to  a close. 
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Titanine  Dope. 

THE  MOST  EFFECTIVE  & DURABLE  DOPE  IN  EXISTENCE. 


Mr,  H.  P.  Folland,  the  designer  of  the 
“BAMEL”  (Mars  I),  The  Gloucester- 
shire Aircraft  Company’s  celebrated  speed 
aeroplane,  and  author  of  this  book,  writes 
as  follows ; — 

Messrs.  TITANINE  LIMITED, 

Empire  House,  27th,  1922. 

175,  Piccadilly, 

LONDON,  W.i. 

Dear  Sirs, 

You  will  be  pleased  t ) hear  that  your  dope  scheme  as  used 
on  the  “BAMEL”  (Mars  I)  is  still  giving  every  satisfaction. 
The  machine  has  now  done  a considerable  number  of  hours  at 
high  speed.  This  high  speed  and  pulsation  from  the  propeller 
slip  stream  does  not  interfere  with  the  excellent  quality  of  your 
dope  scheme.  The  wings,  controlling  surfaces  and  body  n tain 
their  tautness  under  all  atmospheric  conditions. 

Our  othfr  types  of  machines  treated  with  your  dope 
scheme  are  also  giving  entire  satisfaction,  and  the  surfaces  are 
as  good  to-day  as  they  were  on  the  day  they  were  do^  cd. 

Yours  faithfully, 

THE  GLOUCESTERSHIRE  AIRCRAFT  CO.,  LTD. 
(signed)  H.  P.  Folland, 

Chief  Engineer  and  De  igr.er. 


For  particulars  of  Special  Racing  and  other  Doping  Schemes  apply  to  : — 

TITANINE  LIMITED, 


Empire  House,  175,  Piccadilly,  LONDON,  W.I. 


Telephones  : 
Gerrard  2312 
Regent  4728 


Contractors  to  H.M.  Government 
and  numerous  Foreign  Governments. 


Telegrams  : 

“Tetrafree,  Piccy, 
London.” 


NAPIER 

The  Proved  Best 

Secures  the  International 
Flying  Boat  Trophy  for 
Great  Britain, 

A NAPIER  engined  Supermarine  Flying  Boat 
piloted  by  Mr  H.  C.  Biard,  on  August  I2th 
regained  for  Great  Britain  the  Schneider  Cup  — 
open  to  all  hying  boats. 

In  one  week  machines  fitted  with  the  Napier 
aero  engine  have  won  the  Aerial  Derby  for  land 
machines  (Napier  - Gloucestershire,  piloted  by 
Mr.  J.  H.  James)  and  the  Schneider  Cup  for 
flying  boats,  against  all  comers. 

Each  event  further  proves 
the  superiority  of  the  NAPIER 
aero  engine  over  all  other 
engines  in  the  world. 


The  4.0/50  h.p.  Six  Cylinder  CN^pier  motor  carriage  is  as 
reliable  and  satisfactory  on  the  road  as  the  450  hp.  f?{apier 
aero  engine  is  in  the  air. 


D.  NAPIER  & SON,  LTD., 

14,  New  Burlington  Street,  W.l. 
Works : Acton,  London,  W.3. 


instittttian  of  ^^ronawtical  in^inem. 


A Society  for  the  encouragement,  development  and  protection  of  the  Profession 
of  Aeronautical  Engineering. 


President — 

Lieut.-Col.  J.  T.  C.  MOORE-BRABAZON, 

Vice-President — m.cm.p. 

Sir  CHARLES  BRIGHT,  f.r.s  e..  m inst  c e., 
Hon.  Secretary — f.r.ae.s. 

L.  HOWARD-FLANDERS,  m i ae.e., 

A.  M.  I.  MECH.  E.  , A.  F.R.AE.S. 


60.  CHANCERY  LANE. 

LONDON.  W.C2. 


FOUNDATION. 

The  Institution  of  Aeronautical  Engineers  was  founded  in  1919  for  the 
purpose  of  encouraging,  developing  and  protecting  the  professional  status 
of  the  Aeronautical  Engineer.  It  was  the  first  authoritative  body  in  Great 
Britain  which  granted  professional  status  by  examination,  and  enabled 
young  engineers  to  graduate  into  the  Aeronautical  profession. 

The  following  members  form  the  Council  of  the  Institution,  and  it 
will  be  noticed  that  the  larger  number  are  members  of  other  established 
Engineering  Institutions  : — 

S.  T.  G.  Andrews,  B. Sc. Eng. 

CoL.  N.  T.  Belaiew,  C.B.,  M.I.Met.,  M.I.M.E.,  M.I.S.I., 
M.R.S.A. 

W.  L.  Cowley,  A.R.C.S.,  D.I.C.,  Wh.Sc. 

H.  P.  Folland,  F.R.Ae.S.,  M.B.E. 

W.  Glass,  A.M.I.A.E. 

F.  t.  Hill,  A.F.R.Ae.S.,  Wh.Ex. 

Major  D.  C.  M.  Hume,  A.M.I.E.E.,  A.F.R.Ae.S. 

W.  O.  Manning,  A.F.R.Ae.S. 

H.  B.  Molesworth,  M.I.C.E. 

H.  S.  O’Brien. 

F.  R.  Simms,  M.I.Mech.E.,  M.I.A.E.,  M.S.E. 


ADVANTAGES  AND  PRIVILEGES. 


1.  Papers. 

The  custom  of  the  early  days  of  avijition,  when  views  were  freely 
exchanged  by  all  those  engaged  in  developing  the  practice  and  theory  of 
aeronautics,  has  been  made  the  keynote  and  characteristic  of  this  Institu- 
tion. Leading  designers  and  constructors,  and  also  those  interested  in 
the  commercial  side  of  aviation,  read  papers  and  take  part  in  interesting 
discussions  for  the  dissemination  of  the  basis  and  method  of  their  work, 
at  which  all  classes  of  members  are  entitled  to  attend. 

The.se  papers,  lectures  and  discussions  are  published  and  circulated  in 
the  form  of  Minutes  of  Proceedings  of  the  Institution. 

2.  Library. 

A library  , of  technical  and  scientihe  works  in  aeronautics  is  available 
for  the  use  of  members  at  the  offices  of  the  Institution. 

3.  Visits. 

Regular  visits  are  arranged  to  various  works,  laboratories,  and  aero- 
dromes, for  the  purpose  of  giving  all  classes  of  members  an  opportunity 
of  seeing  the  actual  ])rocesses  of  manufacture,  the  latest  methods  of 
research,  and  the  progress  of  the  Flying  wServices, 

4.  Employment  Bureau. 

Members  are  informed  of  vacancies  in  industrial  concerns,  and  good 
appointments  have  been  and  can  be  secured  through  the  recommendation 
of  the  Institution, 

5.  Reports. 

Reports  on  the  condition  of  the  Industry  In  all  parts  of  the  world  are 
obtained  for  members  when  required  with  a minimum  of  delay  and  expense. 
In  this  manner  much  \aluable  information  has  been  obtained  and  placed  at 
the  disposal  of  members. 

6.  Inventions. 

Advice  on  the  value  of  any  invention  pertaining  to  the  Industrv,  and 
the  best  method  of  developing  any  practicable  idea,  can  be  obtained  on 
application  to  the  Council. 


7.  Branches. 


As  the  number  of  members  in  any  distric't  increases  local  branches  are 
established  A Branch  has  already  been  formed  in  South  Africa,  and 
others  are  in  course  of  formation  in  tlie  West  of  h^ngland  and  Scotland. 

MEMBERSHIP. 

Members  are  divided  into  the  following  classes  : — ■ 

(a)  Member — M.I.Ae.  E. — comprises  those  holding  responsible  posi- 

tions in  the  aeronautical  profession. 

(b)  Associate  Alember — A.M.I.Ae.E. — comprises  those  holding  less 

responsible  positions  in  the  profession. 

(c)  Associate — A.I.Ae.E. — comprises  those  connected  in  any  way 

w'ith  the  aeronautical  profession,  or  interested  in  its 
development. 

(d)  Student — Stud.I.Ae. E. — comprises  those  proposing  to  adopt 

an  aeronautical  career,  or  apprentices  In  the  Industry  under 
the  age  of  25  years. 


FEES. 

Members  and  Associate  Members  pay  an  entrance  fee  of  Two  pounds 
and  an  annual  subscription  of  Two  guineas. 

Associates  pay  an  entrance  fee  of  One  pound  and  an  annual  subscrip- 
tion of  Two  guinea.?. 

Students  pay  an  entrance  fee  of  Ten  shillings  and  an  annual  subscrip- 
tion of  Half  a guinea. 


VOTING. 

All  members  are  entitled  to  vote  in  accordance  with  the  Rules  and 
Regulations  of  the  Institution. 


Form  of  Application  for  Membership. 
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To  the  Secretary^ 

Institution  of  Aeronautical  Engineers^ 
do,  Chancery  Lane, 

' London,  W.C.2. 


THE 

GLOUCESTERSHIRE 
AIRCRAFT  CO.,  LTD. 

Sunningend  Works  - - - CHELTENHAM 


WINNERS  OF  THE  AERIAL  DERBY  1921. 

(Fastest  Time  and  Handicap.) 

WINNERS  OF  THE  AERIAL  DERBY  1922. 

(Fastest  Time  and  3rd  in  Handicap.) 


Mars  1.  (Fitted  with  Napier  450  H.P.  Lion  Engine.) 
fFinner  of  the  tAerial  Derby^  1921  and  1922. 


Illustrated  Catalogue  Free  on  Application. 

ENQUIRIES  INVITED, 


Telephones  : 

1162-3-4  CHELTENHAM. 


Telegrams  ; 

SUNNINGEND,  CHELTENHAM. 


THE 


GLOUCESTERSHIRE 
AIRCRAFT  CO.,  LTD. 


Sunningend  Works 


CHELTENHAM 


CONTRACTORS  TO  THE  BRITISH  AIR 
MINISTRY  AND  FOREIGN  GOVERNMENTS. 


PRESENT  HOLDERS  OF  THE  BRITISH 
SPEED  RECORD  — 196*6  miles  per  hour. 


Mars  VI,  (Fitted  with  Jaguar  Engine.) 


Illustrated  Catalogue  Free  on  Application. 


ENQUIRIES  INVITED. 


Telegrams  ; 

SUNNINGEND,  CHELTENHAM. 


Telephones  ; 

H62-3-4.  CHELTENHAM. 


Printed  by  Bonner  & Co.,  at  Rolls  Passage.  E.C.4,  and  Published  by  the  Institution  op  Abronauticai. 

Engineers,  60,  Chancery  Lane,  W.C.s. 


UNIVERSITY  OF  ILLINOIS-URBANA 


